Objective. The present research was undertaken to study the accuracy and reliability of the craniofacial measurements in sex discrimination through univariate and multivariate discriminant function analysis.
T he role of an anthropologist in a forensic setting is to create a biological profile of unknown skeletal or decomposed remains to remain at conclusions regarding its age, sex, stature and ethnic background. Sex determination is one of the leading questions addressed when formulating the biological profile. Its knowledge refines focus of identification restricted to one sex only (Walker, 2008) . Two approaches, morphological and metric, are widely used by anthropologists in the assignment of sex from skeletons. These approaches have proved to be very useful individually yet, yield a higher accuracy rate when used in combination as they complement one another (Stewart, 1979; Krogman and Iscan, 1986) .
Reliability of sex differentiation of skeletal material depends on available parts, its completeness and degree of sexual dimorphism prevalent in the particular population (Scheuer, 2002 and Gapert et al., 2009 ).
One hundred percent of accountability towards sex identification can be restarted precisely with a complete skeleton, which is unfortunately not the common scenario in forensic instances (Introna et al., 1998) . The sex is best assessed from the pelvis but the skull also offers a number of very good sex indicators and is usually better preserved. A single character cannot be deterministic of sex; precise identification depends on a group of diagnostic traits which exhibit population specificity (Biggerstaff, 1977 and Naikmasur et al., 2010) . Numerous anthropological traits and parameters have been investigated on different parts of the skull in an effort to make the sex determination more easy, reliable and consistent.
Giles and Eliot (1963) studied 408 American White and Negro crania of known sex by considering nine different measurements. These measurements were used in 21 combinations to form discriminant functions for sex determination. These workers found the accuracy of 82.89% by this method. Kajanoja (1969) Saini et al. (2011) explored the dimorphic characteristics of the craniofacial region to establish anthropometric standards for North Indian population, which was not been available so far. Ten metric parameters of craniofacial region were measured and treated to step wise and direct discriminant function analysis. Bizygomatic breadth was found as the best parameter with higher accuracy and inter orbital breadth was found as the least reliable parameter. Shanthi et al. (2013) made an attempt to report the sexual dimorphism in human crania. Maximum cranial length and maximum cranial breadth were measured and cranial index was calculated. Multivariate analyses of these three variables were observed to discriminate both the sexes by 85%. Geetanjali et al. (2013) attempted to get a discriminant functional score by applying multivariate analysis on skulls of known age and sex. Overall percentage of correctly identified skulls by this method is 90.85%.
Several studies have shown variability in craniofacial dimensions among different populations and it is well established that in determination of sex, standards specific to the population under study should be used. Thus considering this fact, an attempt has been made to conduct various craniofacial measurements on male and female crania with following objectives.
Objectives
To determine the efficiency of craniofacial dimensions in determining the sex of unknown crania;
To compare the efficiency of univariate and multivariate discriminant functions in sex determination of human crania.
MATERIALS AND METHODS
A total of 300 dry adult crania (150 males and 150 females) were included in the study. Only the skulls with no apparent deformity were measured. Juvenile skulls were also excluded from the study. Initial examination of all the crania was done following the non-metric observations to categorize them into male and female category (Rogers, 2005 Ten direct measurements pertaining to craniofacial region were taken on each cranium in accordance with the standard measurement techniques recommended by Martin and Saller (1959) and Singh and Bhasin (1968) .
1) Maximum Cranial Length: It measures the straight distance between glabella to opisthocranion (gop).
Instrument used: spreading calliper.
2) Maximum Cranial Breadth: It measures the maximum breadth taken at right angle to the mid-sagittal plane (eu-eu).
3) Greatest Occipital Breadth: It measures the straight distance between two asterion (ast-ast).
Instrument used: sliding calliper. 4) Minimum Frontal Breadth: It measures the straight distance between two frontotemporalia (ft-ft).
Instrument used: spreading calliper. 5) Bizygomatic Breadth: It measures the straight distance between two zygia (zy-zy).
Instrument used: spreading calliper. 6) Nasal Height: It measures the straight distance between nasion and nasospinale (n-ns).
Instrument used: sliding calliper. 7) Nasal width: It measures the maximum breadth of the pyriform aperture.
Instrument used: sliding calliper. 8) Facial Height: It measures the straight distance between nasion and prosthion (n-pr).
Instrument used: sliding calliper. 9) Cranial Height: It measures the straight distance between basion and bregma (ba-br).
Instrument used: spreading calliper. 10) Maximum Cranial Circumference: It measures the horizontal circumference over glabellaopisthocranion -glabella taken in the maximum cranial length plane and at right angle to the mid-sagittal plane (g-op-g).
Instrument used: tape.
Statistical analysis
The data were analysed using the SPSS 16.0 program. Descriptive statistics, including mean, standard deviation and standard error were obtained for each of the measurements. To assess the significant sex and side differences, t-test was applied. Univariate and multivariate discriminant function analyses were performed to formulate univariate and multivariate discriminant function equations for sex determination. A 'leave one out classification' procedure was applied to demonstrate the accuracy rate of the original sample and the one created by cross-validation.
RESULTS
Data have been analysed statistically for descriptive statistics, t-test, and discriminant function analysis by using the standard programme of SPSS-16 from the Delhi University library. Univariate and multivariate discriminant functions were formulated for determining the accuracy percentages of all the measurements and functions. Table 1 represents the mean, standard deviation and standard error of mean for all the measurements of male and female crania.
It is observed from the table that male crania exhibit greater mean values for all the measurements which indicates that male crania are larger in size than female crania. Table 2 presents the test of significance (t-test) values in order to access the sex differences in different cranial measurements.
It is observed from the table that sex differences are significant (p>0.05) in all the measurements. The highest t-value is found for bizygomatic breadth and the least is for nasal width. Table 3 presents the raw-coefficients, centroids, sectioning point, original accuracy percentages and crossvalidated accuracy percentages of all the measurements of male and female crania.
The raw coefficient is used to calculate discriminant scores for all the measurements. The discriminant score is obtained by multiplying each measurement by its raw coefficient and then adding the constant.
For example: Univariate discriminant equation for maximum cranial length -D = (maximum cranial length) ´ 1.472) + (-25.707). Whereas, sectioning point is the mean of male and female centroids. Sectioning point= ½ ´ Male centroid + Female centroid
The value of sectioning point obtained for all the univariate discriminant function equations is zero. The discriminant function score smaller than the sectioning point or the value is in negative then it is considered to be of female, while a value greater than the sectioning point or the value is in positive then it would indicate a male. A cross-validation using leave-one-out method was also employed to check how well the subjects are allocated to the groups. Wilk's lambda test was also applied in order to assess the level of significant contribution of all the measurements in univariate discriminant functions. The closer wilk's lambda value is to 0, the more the variable contributes to the discriminant function.
It is observed from the table that the highest significant contribution and accuracy is achieved from bizygomatic breadth (wilk's lambda= 0.567; original accuracy= 79.7%; cross-validated= 79.7%) and the least is achieved from minimum frontal breadth (wilk's lambda= 0.914; original accuracy= 63.0%; cross-validated= 63.0%). Table 4 presents the raw-coefficients, centroids, sectioning point, original accuracy percentages and cross-validated accuracy percentages of all the functions formulated for the sex determination. The discriminant score is obtained by multiplying each measurement by its raw coefficient, summing them and then adding the constant.
For example: From function1, the discriminant score is calculated as -D= (Maximum cranial length ´ 1.147) + (maximum cranial breadth ´ 0.364) + (greatest occipital breadth ´ 0.695) + (-31.825). Whereas, Sectioning point= ½ ´ Male centroid + Female centroid
The value of sectioning point obtained for all the multivariate discriminant function equations is zero. The discriminant function score smaller than the sectioning point or the value is in negative then it is considered to be of female, while a value greater than the sectioning point or the value is in positive then it would indicate a male. Six multivariate functions were formulated by using direct approach. It is observed from the table that the highest significant contribution and accuracy is achieved from function 6 (wilk's lambda= 0.500; original accuracy= 84.0%; cross-validated= 83.7%) and function 2 (wilk's lambda= 0.527; original accuracy= 84.0%; crossvalidated= 82.3%) and the least is achieved from function 3 (wilk's lambda= 0.711; original accuracy= 73.7%; crossvalidated= 73.3%).
DISCUSSION
The craniofacial anthropometric studies are so valuable for anthropometrics, medicine, dentistry and forensic facial reconstruction experts (Baral et al., 2010; Mahdi et al., 2012) . Numerous metrical traits have been investigated on craniofacial region of different population, in an effort to make the sex determination more easy, reliable and consistent. Results of these studies are found comparable with the present study which has been discussed. Kajanoja (1969) tried to determine the sex of 232 Finish crania (of known sex) using multivariate discriminant function analysis. In 80% of cases, sex determination was found to be identical with the original information. Deshmukh Saini et al. (2011) explored the dimorphic characteristics of the craniofacial region to establish anthropometric standards for North Indian population, which was not been available so far. Ten metric parameters of craniofacial region were measured and treated to stepwise and direct discriminant function analysis. Bizygomatic breadth was found as the best parameter with 85.5% accuracy. Shanthi et al. (2013) made an attempt to report the sexual dimorphism in human crania. Maximum cranial length and maximum cranial breadth were measured and cranial index was calculated. Multivariate analyses of these three variables were observed to discriminate both the sexes by 85%. Geetanjali et al. (2013) attempted to get a discriminant functional score by applying multivariate analysis on skulls of known age and sex. Overall percentage of correctly identified skulls by this method is 90.85%.
However, in present study, total ten craniofacial measurements were taken. Highest significant contribution and accuracy achieved from univariate analysis was by bizygomatic breadth and maximum cranial circumference i.e. 79.7% and 79.0% respectively. Multivariate analysis was also employed to enhance the accuracy and successfully attained up to 84.0%.
CONCLUSION
Results of present study revealed that out of 10 craniofacial measurements and 6 multivariate functions, accuracy of correct sex classification was achieved up to 84.0%. From univariate analysis, bizygomatic breadth and maximum cranial circumference were found as the best reliable parameters and achieved the highest accuracy of 79.7% and 79.0% respectively. These measurements were further used in formulating 6 multivariate functions and the highest accuracy of 84.0% was achieved i.e. from function 6 (Bizygomatic breadth, Maximum cranial circumference) and function 2 (Minimum frontal breadth, Bizygomatic breadth, Nasal height, Nasal width, Facial height). These findings revealed that these univariate and multivariate discriminant function equations formulated in the present study could be used in finding the sex of the fragmentary remains.
